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The flower-visiting social wasps (Hymenoptera, Vespidae, Polistinae) in two areas of Rio Grande do Sul material collected at the Green Belt of Santa Cruz do Sul is deposited at Coleção Entomológica of the Universidade de Santa Cruz do Sul and in the herbarium of the same institution.
Data Analysis. For the comparison between the structure of the two flower-visiting social wasp assemblages, the following ecological indexes were adopted: the criteria proposed by Lobo & Leighton (1986) for species abundance and dominance, where the total number of individuals is divided by the total number of species in the site (those species whose number of individuals is higher than the mean number of individuals per species are considered abundant); the NB index proposed by Shannon for species trophic niche breadth (Pielou 1972) ; and the Colwell & Futuyama (1971) NO index for species niche breadth overlap. The Detrended Correspondence Analysis (DCA) (Hill & Gauch 1980 ) and the Indicator Species Analysis (IndVal) (Dufrene & Legendre 1997) were performed to verify the social wasp assemblages' floral preferences and the faithfulness of occurrence of a species in a particular site, respectively, using the software Pc-Ord 4.10 for Windows (McCune & Mefford 1999) . The Detrended Correspondence Analysis is an eigenanalysis ordination technique based on reciprocal averaging (Hill 1973) . DCA is geared to ecological data sets and the terminology is based on samples (in the present study, the most visited plant families) and species (only abundant social wasps were considered).
RESULTS
A total of 879 polistine wasps were collected during this study, 404 (21 spp.) in the Green Belt of Santa Cruz do Sul, and 475 (11 spp.) in the CPCN Pró-Mata of São Francisco de Paula (Table I) . Seven species were abundant in the Green Belt, and 4 species were abundant in the CPCN Pró-Mata ( Figs. 1 and 2 ). It should be of special interest that only one individual of the tribe Polistini was collected in the CPCN area, while it represented 50% of the collected flower-visiting social wasps in the Green Belt area.
Foraging social wasps were observed on flowers of 36 species of angiosperms (20 families) in the Green Belt, and on flowers of 54 species of angiosperms (21 families) in the CPCN Pró-Mata (Table II) . Asteraceae was more visited in both localities (Figs. 3 and 4) . However, in the Green Belt the family Apiaceae was also commonly visited by the polistines, while in the CPCN Pró-Mata, Cunoniaceae and Theaceae were also important food suppliers to the visiting social wasps.
It is also notable in the figures 3 and 4 that the visitation to Asteraceae and Apiaceae in the Green Belt was much higher than the most important visited plants in the CPCN Pró-Mata.
The workers of Polistes actaeon visited flowers of 18 plant species in the Green Belt of Santa Cruz do Sul. The trophic niche breadth for this species was the highest among the species found in the Green Belt, as well as its mean number of individuals collected per plant species (Fig. 5) . Polistes cinerascens also presented a high value for the trophic niche breadth, but it resulted from the generalist behavior of this In the CPCN Pró-Mata, the epiponine Brachygastra lecheguana visited flowers of 26 plant species. Consequently, its trophic niche breadth was the highest among the flowervisiting social wasps of this area (Fig. 6) . Other species showing a wide trophic niche breadth were Protonectarina sylveirae, Polybia platycephala and Polybia minarum. Females of Mischocyttarus drewseni were captured mostly on Baccharis tridentata and Baccharis myriocephala (Asteraceae), which resulted in its elevated mean number of individuals captured per plant species and its relatively low value of trophic niche breadth, since a very low number of individuals was collected from flowers of four other plant species. Polistes pacificus, Polybia ignobilis, Polybia scutellaris and Polybia sp. were very rare in the CPCN Pró-Mata.
For the flower-visiting social wasps collected in the Green Belt of Santa Cruz do Sul, 72,4% of the calculated trophic niche overlap values range from 0,0 to 0,3 (Table III) . 10% of the calculated values were considered intermediate (0,4), and only 17,4% of the cases showed a high congruence in the floral resource utilization, ranging from 0,5 to 0,8. A remarkable case of low congruence regarding the use of floral resources is that of Polistes actaeon, which visited the widest floral spectrum in the Green Belt.
In the CPCN Pró-Mata of São Francisco de Paula, 87,3% of the calculated trophic niche overlap values range from 0,0 to 0,3 (Table IV) . Only 3,6% of the values were considered intermediate (0,4) and 9,1% were considered values of high congruence (0,5 to 0,7). The highest congruence values regarding the use of food resources were between Polybia Fig. 4 . Ranking of the most important plant families as food resource for polistine wasps in the CPCN Pró-Mata. The ten most visited plant families per wasp species were ranked, 10 being the most visited one, 9 the second most visited, and so on. Addition of rank points gives the visitation index (Wilms et al. 1996) . minarum and Polybia platycephala, and between Polybia platycephala and Protonectarina sylveirae. These species were abundant visitors of a wide spectrum of floral resources.
Social wasp distribution in relation to the visited floral spectrum is visualized through the multivariate exploratory Detrended Correspondence Analysis (DCA) (Fig. 7) . It is visible that the two study sites grouped separately from each other. In the left side of the Axis 2 is plotted the Green Belt of Santa Cruz do Sul, with Asteraceae and Apiaceae placed near the middle of all polistine species, showing their importance to social wasp nutritional demand. Despite Synoeca cyanea was a frequent visitor of Asteraceae and Apiaceae species, its resource spectrum also included species of the families Rhamnaceae, Ulmaceae, Krameriaceae and Fabaceae, which occasioned its plotting in the upper portion of the left side of the graphic. On the other hand, Polistes versicolor was also a frequent visitor of Asteraceae and Apiaceae species, but also visited plants of the families Mimosaceae and Nyctaginaceae in avoidance of species of Rhamnaceae, Ulmaceae, Krameriaceae and Fabaceae, occasioning its plotting on the lower portion of the left side of the graphic. Finally, Polistes actaeon is placed near Axis 1, but on the extreme left side. As (Lobo & Leighton 1986 ). Acronyms as in Table I . Average = mean number of individuals per wasp species found in the study area. Fig. 3 . Ranking of the most important plant families as food resource for polistine wasps in the Green Belt. The ten most visited plant families per wasp species were ranked, 10 being the most visited one, 9 the second most visited, and so on. Addition of rank points gives the visitation index (Wilms et al. 1996) . (Lobo & Leighton 1986 ). Acronyms as in Table I . Average = mean number of individuals per wasp species found in the study area.
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The flower-visiting social wasps (Hymenoptera, Vespidae, Polistinae) in two areas of Rio Grande do Sul Table V ).
In the right side of the Axis 2 is plotted the CPCN Pró-Mata of São Francisco de Paula. It is evident that this area presented a much more even spectrum of floral resources visited by the polistines. Almost all plant families are plotted together in the center of the area, surrounded by the abundant polistine visitors. Only the family Rosaceae is plotted far from the other families, because it was not visited by the indicator species of this area, Polybia platycephala and Polybia minarum (Table  V) . These two species are, for this reason, placed far from the area where the Green Belt is plotted. Table III . Trophic niche overlap of polistine wasps in the Green Belt of Santa Cruz do Sul. Acronyms as in Table I . Fig. 5 . Trophic niche breadth and mean number of polistine wasps captured per plant species in the Green Belt of Santa Cruz do Sul. Acronyms as in Table I.   Table IV . Trophic niche overlap of polistine wasps in the CPCN Pró-Mata of São Francisco de Paula. Acronyms as in Table I.   AGMP  AGVI  BRLE  POSP  POIG  POMN  POPT  POSC  PRSY  MIDW The flower-visiting social wasps (Hymenoptera, Vespidae, Polistinae) in two areas of Rio Grande do Sul DISCUSSION Floral Spectrum Visited by the Polistinae wasps. The Polistinae nurse their brood; consequently, their food requirements are great. One remarkable example is the case of the epiponine Agelaia vicina, whose nest may achieve a very large size, with the colony comprising over a million adult individuals (Zucchi et al. 1995) . The polistines are primarily animals of prey and the diet of their larvae chiefly consists of animal protein. Their interest for carbohydrates is regarded as maintenance of their own energy metabolism (Faegri & Pijl 1979) , and the nectar collected by the polistines is, indeed, a complement of their diet. Agelaia vicina was not, however, considered an abundant flower visitor in both study sites, foraging mainly on plant species that offered nectar. On the contrary, some species of Polistes and Brachygastra even store nectar for the brood in addition to animal food. The same is true for the species Brachygastra lecheguana in CPCN Pró-Mata.
Asteraceae was the most visited plant family in both studied localities. However, this is not to be considered a floral preference expressed by the polistines, but related to the large number of asteracean species that are widely found in the state of Rio Grande do Sul. In the Green Belt of Santa Cruz do Sul, 33,3% of the visited plant species were asters, while in the CPCN Pró-Mata of São Francisco de Paula this number reached up to 40%. In addition, aster inflorescences and "brush-blossoms" resemble many plants in which numbers of small flowers are massed together in less specialized, but more or less compact inflorescences, thus achieving a much more conspicuous display than would scattered single flowers (Proctor et al. 1996) . Also, due to their large nectar resource, which is concealed at a depth of some millimeters only, and the presence of yellow and white flower coloration and variously produced shine or luster, the aster species present a more effective attraction to insects than do other plant families. Faegri & Pijl (1979) stated that some wasps have tube-like modified mouth-parts of 5-10 mm long, through which nectar can be sucked up. The higher number of polistine wasp species collected while visiting inflorescences of Asteraceae was also observed by Silberbauer-Gottsberger & Gottsberger (1988) in the Brazilian Cerrado and Vogel (1954) in South Africa.
Apiaceae was also commonly visited by social wasps in the Green Belt of Santa Cruz do Sul. The umbels themselves are conspicuous from a distance, and their flat tops provide a convenient landing platform for insects, and nectar and pollen are both freely exposed to all comers (Proctor et al. 1996) . The wasps frequently spend considerable time taking nectar, although they may also be attracted by the presence of flies for prey. However, differently from the Asteraceae, only two wasp-visited species of Apiaceae were recorded in the Green Belt, Eryngium horridum being commonly visited by the polistines. This species is very common in human modified areas, growing massively and blooming during periods of low food resource.
Flowers of the cunoniacean Lamanonia speciosa are grouped in numerous inflorescences, blooming massively in the spring and summer months. Its geographic distribution is limited to high altitude areas of the northeast region of Rio Fig. 7 . Detrended Correspondence Analysis, using the abundant flowervisitor species of Polistinae in the study sites ( Figs. 1 and 2 ) and the most visited plant families (Figs. 3 and 4) . Cumulative variability in the two axis = 55,3% according to the Euclidean Relative Distance. Open triangles = most visited plant families in area 1 (Green Belt). Closed triangles = most visited plant families in area 2 (CPCN Pró-Mata). Crosses = Polistinae species. Acronyms as in Tables I and II . Table I. Grande do Sul state, where CPCN Pró-Mata is located. Nectar is offered by the flowers in the early morning hours, attracting many visitors, including individuals of seven polistine species in CPCN Pró-Mata of São Francisco de Paula.
The large number of visitors of Asteraceae species in both localities is not likely to generate specialized dependences on the part of the wasps. It is clear that the vespids are generalist visitors of flowering plants, mainly because of the need of perennial colonies of some species (mainly species of the tribe Epiponini) for a permanent food supply. Those plant species/ families that offer a large quantity of nectar in avoidance to pollen tend to be more frequently visited by the vespids. 
